Molecular Force Field for Seleninyl Fluoride
M. G. K r is h n a P il l a i and P. P a r a m e s w a r a n P il l a i * Department of Physics, Kerala University Centre, Cochin-22 A modified U.B.F.F. containing terms directly related to lone pair electrons, has been used to evaluate the potential constants of SeOF2 . The value obtained for the Se -0 stretching constant supports the double bond character of the bond. The lone pair-bond pair repulsion bears a fixed ratio to the non-bonded repulsion (Fef/F fF = 1.24 and Fe0/F0f = 1.23) and this result is in agree ment with earlier conclusions.
Many selenium compounds are not subjected to spectroscopic studies and SeOF2 is one of those molecules for which vibrational and rotational spec tral data are available. R o l f et a l . 1 studied the R am an spectrum of SeOF2 with a view to deter mine the shape of the molecule. They observed six fundamental vibrations in the R am an spectrum of this molecule. On the assumption of a pyramidal structure, they have successfully interpreted the ob served spectrum. Their assignment is supported by studies of similar molecules like selenium oxy- chloride, thionvl fluoride and thionvl chloride, for which the shapes have been already determined. Very recently, B o w a t e r et al. 2 obtained structural parameters of this molecule, on the basis of an analy sis of its microwave spectrum. They concluded that the Se -0 bond shows substantial double bond character. According to G il l e s p ie et al. 3 selenium oxyfluoride has trigonal pyramidal structure, based on the arrangement of four bonding pairs of elec trons, including a lone pair. Previous investi gations4' 10 indicate that the influence of lone pair electrons must also be taken into account in normal cordinate analysis of molecules, having lone pair electrons. Hence it is thought worthwhile to make such an analysis, making use of a modified UreyBradley Force Field (U .B .F.F.), which contains terms directly related to lone pair electrons.
M odified U re y -B ra d le y Force F ie ld for SeOF2
Seleninyl fluoride belongs to the point group Cs and has 4 A + 2 A " normal modes of vibration. All the six fundamental vibrations are both Ram an and infrared active. The lone pair electrons occupy a position on the symmetry axis as shown in Fig. 1 .
The expression for the potential energy based on the Urey-Bradley model was written in the usual w a y 9, in terms of the internal coordinates defined in Fig. 1 . The expression obtained for the valence force constants therefrom are given below. The following set of symmetry coordinates was then defined.
A ' species: 
S3 = -(A a + A ß t + A ß 2) ,
Coordinate S 7 is kept redundant. Coordinates S 3 and 5-are not orthogonal.
11 D. E. M a n n , T. S h i m a n o u c h i , J. H. M e a l , and L. F a n o , The above set of symmetry coordinates gives a non-orthogonal {/-matrix. The unsymmetrized Gmatrix was constructed by standard methods. Then the matrices were symmetrized by the folloAving transformations:
Some of the g elements are infinite owing to the presence of the atom (electron) of negligible mass. The rows and columns containing these elements are now dropped from g and the residue g° is taken with modified F° to give for each symmetry block a reduced secular equation12. The elements of this modified F° matrix obtained, following the method given by P a r i s e a u and O v e r e n d 4, are given below. Where U is the matrix of transformation from real internal coordinates (excluding the lone pair) to the symmetry coordinates.
The modified F elements are: 
A f p f R D fp t]
A fpy fn, fDr,
Then the problem is treated as a simple U.B.F.F, calculation with the following modified U.B.F.C. 
B-B-fo fn JDi)
F o e = Frje .
F e F = F er .
(8)
(10)
(12)
and with the following additional non -U r e y B r a d 1 e v cross terms. Table 2 . Potential energy matrix elements and force constants. The F° matrix elements containing only stretching constants are in mdyn/Ä, those containing only angle-angle constants are in mdyn/A/rad2 and those containing bond-angle inter action are in mdyn/A/rad. * This number of significant figures is retained to secure internal consistency in the calculation and to obtain the best agreement with the observed wave numbers.
The force constants in eqs. (6 -17) were ad justed in the usual way using the molecular para meters and frequencies given in table 1 and with the assumption that the lone pair electrons are located at a point 0.59 Ä, which is the average radii of the outer electronic orbits of M and N shells from the nucleus.
The set of force constants which gave the best reproduction of frequencies was obtained. The re sults thus obtained are shown in detail in Table 2 . For comparison the calculated frequencies are given in Table 1 along with observed frequencies. Table 2 provides a summary of the modified Urey-Bradley force constants of SeOF2 . A comparison of the values obtained for the main constants with those obtained for SOF2 from a similar study 8, shows that they are in order. The value obtained for Se -0 (Ä r = 7.4915 mdyn/Ä) in the present investigation is nearly twice the value (K = 3.652 m dyn/Ä) obtained by PURUSHOTh a m a n 13 for Se -0 in the case of Se03 . This supports the conclusion drawn by B o w a t e r et al. 2 from a microwave study of the molecule about the double bond character of the Se -0 bond in the molecule. On scrutiny of the values obtained for the repulsive forces, it is found that the lone pair bond pair repulsion is greater than the bond pair bond pair repulsion. This is in agreement with the electron repulsion theory put forwart by G i l l e s p i e et al. 3. In addition the radio between the lone pair bond pair repulsion force constants seems to be a constant F -h = 1.24 and = 1.23 . This con-FFF FOe elusion is in conformity with our earlier results.
Discussion

